Yeast cells of the human pathogen Candida albicans that enter the bloodstream can be engulfed by macrophage cells but survive in, and can escape from, the phagolysosome. The C. albicans gene HGT12, which is specifically expressed during macrophage infection, encodes a protein that transports fructose, glucose and mannose. Expression of this hexose transporter along with the shift from glycolysis to gluconeogenesis that occurs in these phagocytosed cells suggests a requirement for glucose that can be supplied in part by uptake from the lumen of the phagolysosome.
The yeast Candida albicans is an opportunistic pathogen and the most common cause of fungal infections in humans (Navarro-Garcia et al., 2001) . Hematogenously disseminated infections are fatal in 35-40% of patients (Mendelson, 2001) . Host defenses against invading yeast cells include circulating macrophages that express Dectin-1, a plasma membrane-located receptor protein that binds to the bglucans in the bud and birth scars of yeast cells. This interaction triggers phagocytosis of the yeast cell (Gantner et al., 2005) . In the hostile environment of the phagolysosome the yeast cell responds by changes in gene expression (Prigneau et al., 2003; Lorenz et al., 2004) and morphology (Luongo et al., 2005; Tavanti et al., 2006) . HGT12 (previously known as CaGS and before that as CG13) was identified in a screen for genes differentially expressed during phagocytosis of C. albicans cells by macrophages (Prigneau et al., 2003) . Expression of HGT12 was shown to increase during phagocytosis and phagocytosed homozygous hgt12 deletion mutants were shown to produce shorter hyphae than wild-type cells (Luongo et al., 2005) . Hgt12p has been reported to show sequence similarity with glucose sensors in other yeast and fungi, and on that basis was proposed to function as a glucose sensor (Prigneau et al., 2003; Luongo et al., 2005) but it has not been functionally characterized.
Neither of the previous reports of sequence similarity between Hgt12p and various glucose sensors (Prigneau et al., 2003; Luongo et al., 2005) included comparative data for glucose transporters. Individual alignments of Hgt12p were therefore performed with members of the Saccharomyces cerevisiae sugar transporter family. Hgt12p showed levels of identity (and similarity) with the glucose sensors (respectively, 26% and 37% for Snf3p, and 31% and 44% for Rgt2p) that fall within, or below, the range found for the functionally characterized glucose transporters (28-31% and 44-47% for Hxt1p-Hxt7p). Therefore, establishing the function of Hgt12p requires experimental as well as sequence analysis. The HGT12 ORF was amplified by PCR from C. albicans SC5314 genomic DNA using the primers 5 0 -GCGCTCGAGATGAGTGCAAATATCCAAGC-3 0 and 5 0 -GCGCTCGAGTTAAACGGAATTTTCATCAACTTC-3 0 , and cloned into pGEMT-Easy. Because C. albicans uses a nonstandard genetic code (Santos et al., 1993) , the two CTG codons in this ORF (at positions 248 and 410) were modified, by site-directed mutagenesis (Seyfang & Jin, 2004) , to TCT codons. The modified ORF was transferred into the S. cerevisiae expression vector p426MET25 as described by Wieczorke et al. (1999) and the insert verified by sequencing. The resulting plasmid was called pCaGS.
Saccharomyces cerevisiae strain EBY.F4-1 (Dhxt fgy1-1 fgy41) is a hexose transport-deficient mutant, unable to utilize fructose, galactose, glucose or mannose, that has been used for the functional characterization of heterologous glucose transporters (Wieczorke et al., 2003) . Saccharomyces cerevisiae EBY.F4-1 transformed with pCaGS grew on media containing fructose, glucose or mannose but not galactose as sole carbon source (Fig. 1 ). Cells transformed with the empty expression vector grew on maltose but not on any of the hexoses tested. Further evidence that Hgt12p transports glucose was obtained by monitoring glucose consumption in the transformants, using the L-cysteine sulfuric acid method (Chaplin, 1986) to measure glucose (Fig. 2) and by measuring the rate of radiolabeled glucose uptake by these cells (Table 1) . These two different assays confirmed that Hgt12p transports glucose.
That Hgt12p functions as a hexose transporter is consistent with its assignment to the sugar transporter family of proteins (Fan et al., 2002) . In S. cerevisiae the members of this family that function as glucose sensors do not transport glucose and have a long cytoplasmic C-terminal domain (218 residues for Rgt2p and 342 residues for Snf3p) Glucose consumption by Saccharomyces cerevisiae EBY.F4-1 carrying either the plasmid pCaGS (circles) or the empty expression vector p426MET25 (squares). Yeast cells were grown to exponential phase in medium containing yeast extract (1%), peptone (2%) and maltose (2%), and then transferred to yeast nitrogen base (0.67%) containing maltose (2%) and supplemented with histidine, leucine and tryptophan for an overnight incubation at 30 1C. The cells were washed and resuspended in 50 mM phosphate buffer, pH 6.3, containing 1% (w/v) glucose, and incubated with shaking at 30 1C. Samples were removed at the times shown and centrifuged at 14 000 g for 5 min to remove cells. The glucose concentration in the supernatant was determined by the L-cysteine sulfuric acid method (Chaplin, 1986) . Values are the mean AE SE of the mean for at least duplicate experiments.
containing a 25-residue amino acid sequence motif that is required for activity (Ozcan et al., 1998) . By contrast, the cytoplasmic C-terminal domain identified in Hgt12p using TMpred (http://www.ch.embnet.org) comprises 58 residues and the glucose sensor sequence motif is absent from Hgt12p. The length of the Hgt12p C-terminal cytoplasmic domain is consistent with the length of this domain in the functionally characterized S. cerevisiae glucose transporters (which range from 38 to 59 residues). Based on this bioinformatic analysis, Hgt12p is, contrary to previous reports which considered only the overall sequence similarity/identity between Hgt12p and various glucose sensors, a typical hexose transporter.
The macrophage phagolysosome is a glucose-poor environment, as evidenced by the switch in C. albicans metabolism from glycolysis to gluconeogenesis together with oxidation of fatty acids to provide, via the glyoxylate cycle, the substrates required for gluconeogenesis (Lorenz et al., 2004) . However, glucose must be present in this organelle because Leishmania mutants unable to perform gluconeogenesis can develop and survive within the phagolysosome (Naderer et al., 2006) whereas those unable to transport glucose cannot (Burchmore et al., 2003) . The macrophage signature expression profile (227 C. albicans genes that are induced by phagocytosis but not starvation) includes HGT12 (Lorenz et al., 2004) . Of the 24 members of the C. albicans sugar transporter family only one other (orf19.6141) is part of this profile, suggesting that these two genes have specialized functions. While HGT12 is not essential to survival of C. albicans within the macrophage, without this transporter significantly shorter germ tubes are formed (Luongo et al., 2005) . Together these observations suggest that Hgt12p might enable C. albicans to scavange glucose from the lumen of the phagolysosome. 4.4 AE 0.7 (4) 0.6 AE 0.6 (2) 50.0 3.4 AE 1.0 (3) 0.5 AE 0.6 (2) Ã The uptake assay was performed using D-[U-
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